ABSTRACT
S
FT, a spindle cell neoplasm arising from mesenchymal structures, is a rare neoplasm found in many locations including the orbit. 1, 2 Orbital solitary fibrous tumor was first recognized in 1994, and its histopathology has since been well-described. 1, [3] [4] [5] [6] SFT demonstrates great variability in its morphology and shares histologic features with other benign mesenchymal tumors of this area such as schwannoma and hemangiopericytoma. 5 SFT demonstrates a strong level of diffuse immunoreactivity with a monoclonal antibody directed against the human hematopoietic progenitor cell antigen CD34; while most schwannomas and some of the hemangiopericytomas also can be CD34-positive, the CD34 immunoreactivity is generally weak in intensity and focal in distribution compared with that in SFT. 7 Despite the distinct histologic and immunohistochemical appearance of SFT, its imaging appearance in the orbit has been considered nonspecific and it has often been misdiagnosed as schwannoma. 8, 9 Nonetheless, the prognosis and treatment of SFT and schwannoma in the orbit are different, 2, 6, [10] [11] [12] [13] [14] [15] and distinguishing SFT and schwannoma in the orbit is important because SFT is a more aggressive lesion than schwannoma. SFTs are richly vascular with many dilated vessels. [1] [2] [3] [4] [5] [6] In the imaging evaluation of SFT in the orbit, sonography typically shows some degree of vascularity and is useful in the diagnosis of this disease. 16 CT, especially dual-phase CT, demonstrates rapid enhancement with early washout of contrast material from the SFT tumor. 2 DCE MR imaging has shown SFT as a highly vascularized mass with a prominent vascular pedicle that displaces adjacent structures, and it is more specific than CT in the diagnosis of this tumor. 17 MR imaging plays an important role in the diagnosis of schwannoma and other tumors in the orbit, such as cavernous hemangioma, pleomorphic adenoma of the lacrimal gland, and dermoid cyst.
13,18-22 MR imaging findings of orbital SFT have been reported in only a few cases, however, and little is known regarding the value of MR imaging in differentiating orbital SFT and schwannoma. 2, 8, 15, 23, 24 The aim of this study was to evaluate MR imaging features that distinguish SFT from schwannoma in the orbit.
PATIENTS AND METHODS

Patients
Nine patients with orbital SFT and 22 patients with orbital schwannoma, all confirmed by pathology, were enrolled from January 2006 to October 2011. Nine patients with orbital SFT included 2 men and 7 women, with a mean age of 49 years (range, 27-69 years). In 22 patients with orbital schwannoma, 9 patients were male and 13 were female, with a mean age of 44 years (range, 10 -71 years). The most common initial symptom was painless insidious proptosis, which was found in 23 patients, including 7 with SFTs and 16 with schwannomas. Other symptoms included decreased vision and swelling of the eyelid. Two cases of SFT were recurrent postsurgery with no chemotherapy or radiation therapy.
Informed consent was obtained from all patients for performance of radiologic studies and anonymized analysis of clinical and radiologic data.
MR Imaging
Two different MR imaging scanners were used in the study, including a 1.5T Signa TwinSpeed scanner (GE Healthcare, Milwaukee, Wisconsin) and a 3T Signa HDxt scanner (GE Healthcare). Of 9 patients with SFT, 3 were examined on the 1.5T MR imaging scanner and 6, on the 3T scanner. Of 22 patients with schwannoma, 15 examinations were performed on the 1.5T MR scanner and 7, on the 3T scanner. An 8-channel head coil was used for all patients.
Axial FSE T1WI, axial FSE T2WI, and coronal FSE T1WI were performed in all 31 patients. The imaging parameters on the 1.5T scanner were the following: T1WI: TR, 500 ms; TE, 12 ms; T2WI: TR, 4000 ms; TE, 120 ms; NEX, 2; matrix, 288 ϫ 224; FOV, 18 ϫ 18 cm; section thickness, 3 mm; gap, 0.3 mm. The parameters on the 3T scanner were the following: T1WI: TR, 400 ms; TE, 10 ms; T2WI: TR, 3000 ms; TE, 120 ms; NEX, 2; matrix, 384 ϫ 256; FOV, 18 ϫ 18 cm; section thickness, 3 mm; gap, 0.3 mm.
DCE imaging was performed with a fast-spoiled gradient recalled sequence. The imaging parameters on the Signa TwinSpeed 1.5T scanner were the following: TR/TE, 4.8/1.9 ms; flip angle, 15°; 1 excitation; and section thickness, 3.2 mm at 0 intervals. Twelve scans were obtained. For each scan, 12 sections were obtained at 13 seconds. The interval between the 2 scans was 12 seconds. Total scanning time was 288 seconds. The parameters on the Signa HDxt 3T scanner were the following: TR/TE, 8.4/4 ms; flip angle, 15°; 1 excitation; and section thickness, 3.2 mm at 0 intervals. Thirty-seven scans were obtained. For each scan, 15 sections were obtained at 9 seconds. There was no interval between the 2 scans. Total scanning time was 344 seconds. A power injector (Spectris Solaris; Medrad, Indianola, Pennsylvania) with an injection flow rate of 2 mL/s was used. The acquisition of the dynamic imaging began concurrently with the initiation of the injection of 0.1 mmol of gadopentetate dimeglumine (Magnevist; Schering, Berlin, Germany) per kilogram of body weight.
Axial, coronal, and oblique sagittal FSE T1-weighted imaging were completed after DCE MR imaging. The parameters were the same as those in the precontrast sequence. Fat suppression was used in axial T1-weighted imaging.
Image Analysis
Two experienced head and neck radiologists (with 17 and 10 years of experience) reviewed the MR imaging studies and reached a consensus. Location, shape, margin, signal intensity, homogeneity, and enhancement pattern of the tumors were assessed. The location was defined as the preseptal orbit or postseptal orbit; extraconal space; intraconal space or both extraconal and intraconal spaces; superior or inferior orbit; and nasal or temporal orbit. The shape was defined as regular or irregular. The margin was defined as smooth or lobulated. The homogeneity of the mass was defined as homogeneous or heterogeneous on T1-and T2-weighted imaging. Furthermore, if the tumor was heterogeneous on T2-weighted imaging, the existence of very high signal intensity like a CSF area within the tumor was observed. On contrastenhanced MR imaging including DCE MR imaging, the enhancement pattern, ER, and type of TIC of the tumors were evaluated. The enhancement pattern was divided into homogeneous and heterogeneous. The enhancement pattern of the very high-signalintensity areas shown on T2-weighted imaging was divided into 4 types: no enhancement, enhancement degree lower than that in the other part of the tumor (mild enhancement), enhancement degree identical to that in the other part of the tumor (moderate enhancement), and enhancement degree higher than that in the other part of the tumor (marked enhancement).
DCE MR imaging was evaluated by using an AW 4.4 workstation (GE Healthcare). A region of interest was drawn manually on the dynamic imaging for the assessment of the enhancement kinetics. We chose the area that demonstrated the greatest degree of early enhancement so that the TIC could be generated. The region of interest typically was 8 mm 2 . The CI was calculated from CI ϭ [signal intensity (postcontrast) Ϫ signal intensity (precontrast)] / signal intensity (precontrast). ER was defined as follows: [signal intensity (maximum) Ϫ signal intensity (precontrast)] / signal intensity (precontrast). The TICs were analyzed qualitatively as washout, persistent, or plateau-shaped curves.
Statistical Analysis
Frequency distribution of individual MR imaging features in the SFT was compared with that in schwannoma with 2 tests. The
Fisher exact test was performed when the sample size in the subgroups was deemed too small. An independent-samples t test was used for the difference in ER values between the 2 diseases. A P value Ͻ.05 was considered to represent a statistical difference, and a P value Ͻ.01 was considered to represent a significant statistical difference. Tables 1 and 2 describe the frequency distribution of precontrast MR imaging features (On-line Table 1 ) and postcontrast MR imaging features (On-line Table 2 ). There was a signifi-cant statistical difference between orbital SFT and schwannoma in the type of TICs and enhancement pattern of the very high-signalintensity areas shown on T2-weighted imaging (P Ͻ .01). There was a statistical difference in the location (superior or inferior orbit) and T2 signal intensity between orbital SFT and schwannoma (P Ͻ .05) (Figs 1 and 2 ). Orbital SFTs were always located in the superior portion of the orbit. They were usually isointense on T2-weighted imaging with washout TICs after contrast administration. Marked enhancement was most common in the very high-signal-intensity areas shown on T2-weighted imaging in SFT. Schwannomas more typically presented as hyperintense masses on T2-weighted imaging, located in the inferior or superior portion of the orbit with persistent or plateau-shaped TICs. The very high-signal-intensity areas shown on T2-weighted imaging usually exhibited no enhancement in schwannoma.
RESULTS
On-line
DISCUSSION
SFT most often arises from the pleura but can also arise from extrapleural sites such as lung, liver, breast, meninges, pelvis, sinonasal cavity, salivary gland, and orbit. [1] [2] [3] [4] [5] [6] [7] [8] 11, [23] [24] [25] [26] Pathologically, orbital SFT is a well-defined, nonencapsulated tumor with a patternless arrangement of alternating hypercellular and hypocellular regions of spindle cells against a collagenous background of variable vascularity. The tumors are richly vascular with many dilated vessels showing a staghorn appearance. [3] [4] [5] [6] 11, 23, 27, 28 Because of the variety of histopathologic components in SFT, it is necessary to choose complete excision of the mass rather than fine-needle aspiration or excisional biopsy to avoid misdiagnosis. 11 Moreover, recurrence and malignant transformation of orbital SFTs occur more often than in schwannomas. 2, 6, [11] [12] [13] [14] [15] Therefore, it is important to differentiate SFTs from schwannomas and other orbital tumors before treatment recommendations are made. Orbital schwannoma, constituting 1% of all orbital tumors, is more common than SFT. It is a peripheral nerve sheath tumor originating purely from Schwann cells. 19, 20 The pathologic feature of schwannoma is characteristic, with the tumor composed of Antoni A and Antoni B patterns in variable proportions. The Antoni A pattern appears solid, while the Antoni B pattern shows loose myxomatous tissue. 12 Although pathologic features of SFT are different from those of schwannoma, orbital SFT and schwannoma show similar clinical findings, making differential diagnosis difficult in clinical practice. 2, 3, 8, 11, 19, 28 Therefore, a noninvasive method to distinguish SFT from schwannoma in the orbit could be clinically useful, especially in cases in which biopsy would be particularly difficult or the patient is not a good candidate for surgical resection. Many lesions present as round or ovoid masses in the orbit, notably cavernous hemangioma, schwannoma, pleomorphic adenoma of the lacrimal gland, dermoid cyst, and SFT of the orbit. MR imaging can readily distinguish some of these tumors on the basis of characteristic imaging findings. 18, 19, 22 Cavernous hemangioma, for example, is characterized by "progressive enhancement over time." 19 Pleomorphic adenoma is generally centered in   FIG 1. A 43-year-old man with SFT. A, Axial T1-weighted image shows an oval isointense tumor relative to muscle with some hypointense areas (arrow). B, Axial T2-weighted image reveals that the tumor is isointense relative to muscle with some very highsignal-intensity areas (arrows); the signal of these areas are similar to that of CSF. C, Postcontrast axial MR image with fat saturation shows that the tumor enhances heterogeneously with some markedly enhanced areas (arrows), which are the very high-signal-intensity areas shown on T2-weighted imaging. D, The time-intensity curve for this patient is characterized as a washout curve.
the lacrimal gland and is well-circumscribed and T2 hyperintense. 29 T1 hyperintensity and a lack of enhancement on MR imaging are characteristic findings of dermoid cyst. Precontrast MR imaging findings and an enhancement pattern of SFT in the orbit are so similar to those of schwannoma, however, that orbital SFT is often misdiagnosed as schwannoma preoperatively. 8, 9 Our results suggested that the type of TIC on DCE MR imaging and the enhancement pattern of very high-signal-intensity areas shown on T2-weighted imaging might be useful in the differentiation between SFT and schwannoma in the orbit.
On DCE MR imaging in our study, all 9 SFTs showed a washout curve, which has usually been reported in malignant tumors. 21, 30 Most schwannomas, however, displayed persistent or plateau-shaped curves. Kim et al 2 reported that 3 patients with orbital SFT showed rapid enhancement with early washout of contrast material in the tumors on dual-phase CT. The period of enhancement in our 9 orbital SFTs on DCE MR imaging was relatively longer than that on dual-phase CT, probably because MR imaging enhancement is more sensitive than CT in demonstrating the vascularity of this tumor. The washout of contrast medium from tumors could be indicated by the washout ratio, which correlated with the fibrous-versus-cellular stroma in the tumors. 30 High-fibrous and low-cellularity stroma would have a low washout ratio, while low-fibrous and high-cellularity stroma would show a high washout ratio. Because of high-cellularity stroma in the tumor, orbital SFT demonstrated a washout curve. The persistent or plateau-shaped curves shown in orbital schwannoma may be the result of the loose arrangement of cellularity in the tumor. We found that the degree of enhancement of the very highsignal-intensity areas shown on T2-weighted imaging in orbital SFT was different from that in orbital schwannoma because most areas enhanced markedly, while in schwannoma, the areas generally showed no enhancement. This different enhancement pattern of the very high-signal-intensity areas in the tumors might be helpful in the differential diagnosis. It had been reported that the higher T2 signal intensity areas in schwannoma are related to thrombosis of degenerating blood vessels, hemorrhage, hyaline degeneration, and/or microcystic foci in Antoni B pattern, which could explain the lack of enhancement of these areas. 9 The markedly enhanced very high T2 signal-intensity areas in orbital SFT might be related to areas of various cellular components rather than to the cystic or necrotic foci seen in schwannoma.
Although there was a statistical difference between orbital SFT and schwannoma in location and T2 signal intensity in our study, we found that many cases of both diseases may occur in the same location and show the same T2 signal intensity. Therefore we think that location and T2 signal intensity are nonspecific in differential diagnosis.
CONCLUSIONS
MR imaging can be useful in differentiating orbital SFT and schwannoma. We identified a statistically significant difference in the enhancement pattern of the very high-signal-intensity areas A, Axial T1-weighted image shows an oval isointense-signal tumor with hypointense signal area relative to muscle. B, Axial T2-weighted image reveals that the tumor is hyperintense relative to muscle with a very high-signal-intensity area (arrow). C, Postcontrast axial MR image with fat saturation shows that the tumor enhances heterogeneously with no enhanced area (arrow), which is the very highsignal-intensity area shown on T2-weighted imaging. D, The timeintensity curve for this patient is characterized as a persistent curve.
shown on T2-weighted imaging and the type of TICs, characteristics that could help differentiate SFT from schwannoma in the orbit.
